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REDUCED ENERGY MSR SYSTEM 


RELATED APPLICATIONS 


This application is a continuation-in-part of International 
Patent Application No. PCT/US2017/024361, filed Mar. 27, 
2017, which claims the benefit of U.S. Provisional Patent 
Application No. 62/331,563, filed Mar. 25, 2016, U.S. 
Provisional Patent Application No. 62/348,258, filed Jun. 
10, 2016, and U.S. Provisional Patent Application No. 
62/413,065, filed Oct. 26, 2016. The above related applica- 
tions are hereby incorporated by reference herein in their 
entirety. 


BACKGROUND OF THE DISCLOSURE 


The modern sporting rifle (MSR), based on the AR-15 
platform, is one example of a gas operated firearm. An MSR 
appears cosmetically similar to military rifles, such as the 
M-16, but function like other semi-automatic civilian sport- 
ing firearms, firing only one round with each pull of the 
trigger. Gas operated firearms are also used by law enforce- 
ment and military organizations. Examples of gas operated 
firearms include, but are not limited to, ARIO, AK-47, 
AK-74, M14 M16, M16A2, М4, EN SCAR family, M110, 
MK11, and others. These gas operated rifles have been 
produced by numerous manufacturers. These weapons, typi- 
cally shoot, but are not limited to, 5.45 mm, 5.56 mm, 6.8 
mm, and 7.62 mm bullets which provide very high bullet 
velocities. 

These gas operated type rifles utilize either a direct gas 
impingement system or a gas and push rod system for 
operating their ejection and loading mechanisms, in an 
automatic mode and a semi-automatic mode. The expanding 
gas from the cartridge propellant is tapped from a port in the 
barrel intermediate the chamber and the muzzle end of the 
barrel. In the direct gas impingement system, a conduit 
extends from the port to the upper receiver and into the 
region of the bolt carrier. In the gas and pushrod system, the 
gas impinges against the push rod which extends to the 
upper receiver and into the region of the bolt carrier. During 
the initial firing of the cartridge, the bolt insert is locked into 
the barrel extension, the gas forces the bolt carrier backward 
a short distance to unlock the bolt. As the bolt carrier moves 
toward the butt of the gun, a bolt cam pin, forces the bolt to 
rotate, by this time the bullet has left the barrel. The inertia 
of the bolt and bolt carrier continues the rearward motion 
causing the bolt to extract the fired empty cartridge. A spring 
absorbs the rearward motion of the bolt and bolt carrier 
forcing the bolt and bolt carrier forward to engage the next 
cartridge in the magazine and push same into the chamber 
ready for firing. 

The gas pressures for operating the gas operated style 
weapons are significant and with the 5.56 mm cartridges the 
exit velocities, typically in excess of 2700 feet per second 
(fps), substantially exceeding the sound barrier (about 1,126 
fps). Associated with these velocities are high bullet travel 
distances, in excess of 2 miles, and high noise levels, 
including from the bullet breaking the sound barrier and 
generating shock waves that cannot be effectively sup- 
pressed. 

Modifications have been developed for these gas operated 
weapons to shoot low mass rounds at low velocities that 
utilize telescoping cartridges-practice ammunition. Typi- 
cally the cartridges have very low mass, compared to lethal 
rounds, and may also have frangible projectiles with mark- 
ing media. The modifications include a bolt and bolt carrier 
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modification that allows the bolt to retract entirely by the 
propulsion of the expanding telescoping cartridge with no 
assist from the gas port, effectively changing the function of 
the weapon from a direct gas impingement system to a direct 
blowback system. The bolt does not lock into place rearward 
of the chamber. The energetics in these cartridges is low 
compared to a normal lethal round and the rounds are 
relatively expensive. 

An need remains for a system that implements a cartridge 
that fires projectiles at subsonic muzzle velocities, to be used 
with a modern sporting rifle that has energy levels in a mid 
energy range that may be used for hunting small game or 
target practice, that is not supersonic, and that does not have 
the distance range or energy levels of conventional car- 
tridges, but still allows the modern sporting rifles to reliably 
cycle. 


SUMMARY 


In various embodiments of the disclosure, a rifle system 
is disclosed suitable for delivery of projectiles at a reduced 
energy level relative to standard cartridges used in MSR 
systems. Standard cartridges deliver projectiles at muzzle 
energies typically in a range of 1200 foot-pounds force 
(ft-Ibf) to 1400 ft-Ibf. Herein, unless otherwise stated, a 
"reduced" energy level less than 7096 of the standard energy 
level. Such energy levels include a so-called *mid energy" 
level, which, unless otherwise stated, is defined herein as 
delivering a projectile at a muzzle energy that is in a range 
from 50 foot-pounds force (ft-Ibf) to 400 ft-Ibf inclusive. 
Reduced energy levels also include mid- to low-energy 
level, which is herein defined as a projectile muzzle energy 
in a range of 15 ft-lbf to 250 ft-Ibf inclusive. Herein, a range 
that is said to be “inclusive” includes the end point values of 
the range as well as all values between the end point values. 
Such reduced energy levels include both lethal and non- 
lethal rounds. 

The mid energy and mid- to low-energy levels may be 
tailored to produce subsonic muzzle velocities of the pro- 
jectile. Subsonic velocities can substantially reduce the 
noise associated with discharge of a firearm because of the 
absence of shock waves that are generated by the projectile 
at sonic or supersonic muzzle velocities. Accordingly, in 
some embodiments of the disclosure, the sound generated by 
the MSR can be effectively suppressed so that, in combina- 
tion with standard silencer technology, the MSR can be 
operated without hearing protection. 

In the disclosed embodiments, the reduced energy car- 
tridges includes a polymer case. The polymer case provides 
a substantial reduction in the weight relative to conventional 
metallic casings. The reduction in weight is a substantial 
factor when considering the shipping and handling of bulk 
supplies of the cartridges, for example for shipping from 
supplier to user, in construction of storage and display 
facilities at the point of purchase, or in the consideration of 
supply logistics for military applications. Material costs 
(polymer vs. metals) may also be substantially reduced. 

A consideration in the design of polymer-based cartridges 
is material strength. The firing chambers of many firearms 
do not support the perimeter of the cartridge near the base, 
in order to allow clearance for bolt operation and extraction 
mechanisms. (The unsupported region of the base of the 
cartridge is illustrated, for example, at FIG. 21A of the 
present disclosure.) Accordingly, polymer cartridges are 
prone to failure in the form of rupture or fragmentation near 
the base of the cartridge. 
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То address this concern, some embodiments of the dis- 
closure include a reinforcement liner that provides support 
to the unsupported region of the cartridge. In some embodi- 
ments, the reinforcement liner lines the inner diameter of the 
cartridge case at the base. In some embodiments, a portion 
of the reinforcement liner is imbedded within an annular 
region ofthe polymer wall of the cartridge. The length of the 
reinforcement liner may be tailored to provide the necessary 
overlap with the supported regions of the cartridge, based on 
the power level of the cartridge. That is, the reinforcement 
liners for higher power rounds may have a greater length 
than for lower power rounds, to provide more overlap with 
the supported portion of the cartridge which enhances the 
strength of the bridging of the unsupported portion. 

The reinforcement liner may be secured within the poly- 
mer casing by a process wherein the polymer case is 
overmolded onto the reinforcement liner. Various features 
and geometries also secure the reinforcement liner within 
the overmolded polymer case. 

Structurally, in various embodiments of the disclosure, a 
reduced energy cartridge comprises a polymer case includ- 
ing: a sleeve portion defining a first outer diameter, the body 
portion including a base portion defining a base lumen; a 
neck portion defining a second outer diameter that is less 
than the first outer diameter, the neck portion defining a neck 
lumen; and a frustoconical portion extending between the 
body portion and the neck portion. A projectile includes a 
first portion disposed within the neck lumen and a second 
portion extending forwardly beyond the polymer case. A 
reinforcement liner is disposed within the base lumen, the 
reinforcement liner defining a sleeve lumen. A propellant 
unit is disposed in within the sleeve lumen, the propellant 
unit including: a housing defining a cavity; a propellant 
charge disposed inside the cavity for producing a quantity of 
propellant gas; and a priming material disposed inside the 
cavity for igniting the propellant. 

In various embodiments of the disclosure, a reduced 
energy cartridge, comprises a polymer case having a poly- 
mer case wall, the polymer case including: a sleeve portion 
defining a first outer diameter, the body portion including a 
base portion defining a base lumen; a neck portion defining 
a second outer diameter that is less than the first outer 
diameter, the neck portion defining a neck lumen; and a 
frustoconical portion extending between the body portion 
and the neck portion. A projectile includes a first portion 
disposed within the neck lumen and a second portion 
extending forwardly beyond the neck portion ofthe polymer 
case. A reinforcement liner includes a sleeve portion at least 
partially imbedded annularly within the polymer case wall 
of the body portion and a flange portion extending rear- 
wardly beyond the base portion of the polymer case. A 
propellant unit is disposed in within the base lumen, the 
propellant unit including: a housing defining a cavity; a 
propellant charge disposed inside the cavity for producing a 
quantity of propellant gas; and a priming material disposed 
inside the cavity for igniting the propellant. 

In some embodiments, the polymer case is an injection 
molded case that is simultaneously overmolded onto the 
reinforcement liner and the projectile. An outer surface of 
the sleeve portion of the reinforcement liner may include 
texturing for enhanced coupling between the polymer case 
and the reinforcement liner. In some embodiments, the 
propellant unit is a rim fire blank, for example a 0.22 caliber 
power load. In some embodiments, the polymer case defines 
a forward cavity portion having a first diameter and a 
rearward cavity portion having a second cavity diameter that 
is smaller than the first cavity diameter so that polymer case 
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wall includes a step portion where the rearward cavity 
portion meets the forward cavity portion. The polymer case 
may define a plurality of longitudinal flutes. In various 
embodiments, a tangentially extending relief groove is 
defined on an inner surface of the base portion adjacent the 
propellant unit. The tangentially extending relief groove is 
continuous. 

In various embodiments of the disclosure, a method of 
fabricating a cartridge having a polymer case comprises: 
disposing a projectile in a first aperture defined by a mold; 
disposing a reinforcement liner in a second aperture defined 
by the mold; and, after disposing the projectile and the 
reinforcement liner into the mold, injecting a polymer into 
the mold. In some embodiments, prior to injecting the 
polymer into the mold, a pull core is inserted through the 
second aperture to register against a base of the projectile 
that is disposed in the first aperture. During the step of 
inserting the pull core through the second aperture, the pull 
core may be inserted through the reinforcement liner. In 
some embodiments, the pull core is removed after the 
polymer is set. In some embodiments, the pull core is 
removed after the polymer is cured. In various embodi- 
ments, prior to injecting the polymer into the mold, a fitting 
is positioned at a proximal end of the pull core, the fitting 
and the pull core cooperating to define a diaphragm gate, 
wherein the step of injecting the polymer is performed 
through the diaphragm gate. In some embodiments, the pull 
core includes a protrusion that forms a relief groove on an 
interior wall of the polymer case upon injection of the 
polymer. The relief groove may extend tangentially, and 
may be continuous. The relief groove may be formed on the 
polymer case distal to the reinforcement liner. 

In various embodiments of the disclosure, a system com- 
prises a gas operated modern sporting rifle (MSR), at least 
one reduced energy cartridge sized to conform to one of the 
0.223 Remington, a 5.56x45 mm NATO cartridge, 7.62x51 
mm NATO cartridge, and a 7.62x39 mm cartridge size 
having a polymer case and a 0.22 caliber rim fire power load 
for a propellant, and a replacement bolt assembly configured 
to allow a plurality of the reduced energy cartridges to be 
fired from the modern sporting rifle and cycled through the 
modern sporting rifle by blowback operation of the replace- 
ment bolt assembly. In an embodiment, the replacement bolt 
assembly moves the low energy cartridge into the chamber 
and extracts a casing of the low energy cartridge from the 
chamber after a projectile of the low energy cartridge has 
been fired through a barrel of the modern sporting rifle. In 
an embodiment, the modern sporting rifle comprises a 
receiver housing and a barrel extending forwardly from a 
forward end of the receiver housing, and the reduced energy 
cartridge comprises a projectile that is dimensioned to be 
received in a bore of the barrel. 

In various embodiments of the disclosure, a reduced 
energy cartridge comprises a polymer case having a polymer 
case wall. The polymer case has a sleeve portion having a 
first outer diameter, a neck portion having a second outer 
diameter that is less than the first diameter, and a frusto- 
conical portion extending between the body portion and the 
neck portion. À projectile of the cartridge has a first portion 
disposed inside a lumen defined by the neck portion of the 
polymer case and a second portion extending forwardly 
beyond the polymer case. A propellant unit is disposed in a 
lumen defined by a base of the polymer case. The propellant 
unit comprises a housing defining a cavity, a propellant 
charge disposed inside the cavity for producing a quantity of 
propellant gas and a priming material disposed inside the 
cavity for igniting the propellant. The propellant unit may be 
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a rim fire blank, such as a 0.22 caliber power load, such as 
used in construction. In an embodiment, the propellant 
charge is sized to fire the projectile at a velocity of less than 
1125 feet per second. The polymer case defines a forward 
cavity portion having a first diameter and a rearward cavity 
portion having a second cavity diameter that is smaller than 
the first cavity diameter so that polymer case wall includes 
a step portion where the rearward cavity portion meets the 
forward cavity portion. The step portion of the polymer case 
wall has an annular surface that is substantially orthogonal 
to a longitudinal axis of the polymer case so that propellant 
gas produced upon ignition of the propellant charge acts on 
the annular surface to produce a substantially rearward 
ejecting force on the polymer case. In an embodiment, the 
first cavity diameter is between 4.0 mm and 8.0 mm. In an 
embodiment, the second cavity diameter is between 2.0 mm 
and 7.0 mm. In an embodiment, the first outer diameter is 
between 8.9 mm and 9.1 mm. In an embodiment, the second 
outer diameter is between 6.2 mm and 6.4 mm. 

In some embodiments of the disclosure, the polymer case 
has a plurality of longitudinal flutes. The flutes provide a 
reduced surface contact area in the chamber for reduced 
extraction force. 

Additionally, the flutes provide a thin-walled casing sec- 
tion that may deform with the expansion of the forward 
portion of a 0.22 caliber power load inserted in the rearward 
end of the casing, thus locking the power load into the 
casing, preventing the power load from moving rearwardly 
with respect to the casing upon firing. The casing may 
otherwise be thinned at the region corresponding to the 
region of the power load that expands to receive and 
facilitate the radial expansion of the power load and to allow 
deformation of the polymer at the region effecting the 
locking of the polymer casing to the power load. 

In some embodiments of the disclosure, a rim fire pro- 
pellant unit expands upon firing to lock the primer to the 
polymer casing. 

In embodiments utilizing a rimfire primer as a propellant 
unit, such as a power load, the exterior of the propellant unit 
15 secured to the inwardly facing wall of the polymer casing 
with an adhesive. 

A feature and advantage of some embodiments of the 
disclosure is a round which is quieter and does not create a 
sonic boom when fired to provide superior covert and stealth 
capabilities. 

A feature and advantage of some embodiments of the 
disclosure is reduced projectile energy allowing for use in 
backyards, basements, training facilities, hunting small 
game, and the like. 

A feature and advantage of some embodiments of the 
disclosure is low cost conversion of a modern sporting rifle 
to fire the cartridges described in the detailed description. 

A feature and advantage of some embodiments of the 
disclosure is reduced wear to a modern sporting rifle firing 
the cartridges described in the detailed description. 

A feature and advantage of some embodiments of the 
disclosure is reduced recoil (compared to standard car- 
tridges) when the cartridges described in the detailed 
description are fired from a modern sporting rifle. 

A feature and advantage of some embodiments of the 
disclosure is the suitability of a modern sporting rifle firing 
the cartridges described in the detailed description for use 
when hunting small game. 

A feature and advantage of some embodiments of the 
disclosure is that standard modern sporting rifle magazines 
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may be used in combination with the replacement bolt 
assemblies and cartridges described in the detailed descrip- 
tion. 

A feature and advantage of some embodiments of the 
disclosure is the ability to fire low energy cartridges having 
an amount of propellant that would not create sufficient gas 
pressure for operation of gas-operated reloading mechanism 
of a modern sporting rifle. 

A feature and advantage of some embodiments of the 
disclosure is the ability to quickly and easily convert a 
modern sporting rifle back to firing regular full energy 
ammunition. 


DESCRIPTION OF THE FIGURES 


FIG. 1А is a perspective view of a modern sporting rifle 
(MSR) system according to an embodiment of the disclo- 
sure. 

FIG. 1B is an exploded view of a modern sporting rifle 
including a replacement bolt assembly according to an 
embodiment of the disclosure. 

FIG. 1C is an exploded view of an assembly including a 
replacement bolt assembly according to an embodiment of 
the disclosure. 

FIG. 1D is an exploded view of a stock and trigger 
housing according to an embodiment of the disclosure. 

FIG. 2A is a cross-sectional view of a cartridge according 
to an embodiment of the disclosure. 

FIG. 2B is a perspective view of the cartridge depicted in 
FIG. 2A. 

FIG. 3 is an exploded perspective view of the cartridge 
depicted in FIG. 2A and FIG. 2B. 

FIG. 4A is a cross-sectional view of a cartridge according 
to an embodiment of the disclosure. 

FIG. 4B is a perspective view of the cartridge depicted in 
FIG. 4A. 

FIG. 4C is an elevational, partial cross-sectional view of 
a propellant unit of the cartridge depicted in FIG. 4A 

FIG. 5 is an exploded perspective view of the cartridge 
depicted in FIG. 4A and FIG. 4B. 

FIG. 6A is a cross-sectional view of a cartridge according 
to an embodiment of the disclosure. 

FIG. 6B is a cross-sectional view of a cartridge according 
to an embodiment of the disclosure 

FIG. 6C 15 a perspective view of the cartridge depicted in 
FIG. 6A or 6B. 

FIG. 7 is an exploded perspective view of an additional 
embodiment of a cartridge according to an embodiment of 
the disclosure. 

FIG. 8 is an exploded perspective view of an additional 
embodiment of a cartridge according to an embodiment of 
the disclosure. 

FIG. 9 is a perspective view of a replacement bolt 
assembly according to an embodiment of the disclosure. 

FIG. 10 is a perspective view of a replacement bolt 
assembly according to an embodiment of the disclosure. 

FIG. 11 is an exploded view of a replacement bolt 
assembly according to an embodiment of the disclosure. 

FIG. 12 is a perspective view of a bolt carrier according 
to an embodiment of the disclosure. 

FIG. 13 is a perspective view of a bolt insert according to 
an embodiment of the disclosure. 

FIG. 14 is a perspective view of an extractor according to 
an embodiment of the disclosure. 

FIG. 15A is a front view of a bolt carrier according to an 
embodiment of the disclosure. 
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FIG. 15В 15 а right side view of Ше bolt carrier depicted 
in FIG. 15A. 

FIG. 15C is a top view of the bolt carrier depicted in FIG. 
15A. 

FIG. 16 is a perspective view of a firing pin according to 
an embodiment of the disclosure. 

FIG. 17A is a front view of a replacement bolt assembly 
according to an embodiment of the disclosure. 

FIG. 17B is a right side view of the replacement bolt 
assembly depicted in FIG. 17A. 

FIG. 17C is a top view of the replacement bolt assembly 
depicted in FIG. 17A. 

FIG. 18 is a perspective view of a cartridge having a 
reinforcement liner according to an embodiment of the 
disclosure. 

FIG. 18А is a cross-sectional view of a cartridge having 
a reinforcement liner according to an embodiment of the 
disclosure. 

FIG. 18B is a cross-sectional view of a cartridge having 
a reinforcement liner according to an embodiment of the 
disclosure. 

FIG. 19 is an exploded perspective view of the cartridge 
depicted in FIG. 18A. 

FIG. 19A is a perspective view of the reinforcement liner 
of the cartridge of FIG. 18A. 

FIG. 19B is a perspective view of a reinforcement liner 
according to an embodiment of the disclosure. 

FIG. 20 is an exploded perspective view of the cartridge 
depicted in FIG. 18B. 

FIG. 20A is a perspective view of the reinforcement liner 
of the cartridge of FIG. 18B. 

FIGS. 21A through 21С are sectional views of reinforced 
reduced energy cartridges having reinforcement liners of 
different lengths according to embodiments of the disclo- 
sure. 

FIGS. 22A and 22B are sectional views of reinforced 
reduced energy cartridges having reinforcement liners of 
different lengths according to embodiments of the disclo- 
sure. 

FIG. 22C is an enlarged, partial view of FIG. 22B 
depicting a radial protrusion at a distal end of the reinforce- 
ment liner that projects radially inward. 

FIG. 23A is a sectional view of a reinforced reduced 
energy cartridge with a reinforcement liner having a tapered 
sleeve portion with an inner surface that tapers inward from 
the proximal end to the distal end according to an embodi- 
ment of the disclosure. 

FIG. 23B is a sectional view of a reinforcement liner 
having a sleeve portion with an inner surface that tapers 
inward from the proximal end to the distal end according to 
an embodiment of the disclosure. 

FIG. 23C is a sectional view of a reinforcement liner 
having a sleeve portion with an outer surface that tapers 
outward from the proximal end to the distal end according 
to an embodiment of the disclosure. 

FIG. 24 is a sectional view of a reinforced reduced energy 
cartridge with a reinforcement liner having a tapered sleeve 
portion with an inner surface that tapers inward from the 
proximal end to the distal end and having a radial protrusion 
at a distal end ofthe reinforcement liner that projects radially 
inward according to an embodiment of the disclosure. 

FIG. 25А is a schematic, cross-sectional view of a mold 
with a reinforcement liner and a projectile mounted thereto 
according to an embodiment of the disclosure. 
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FIG. 25B is a schematic, cross-sectional view of the mold 
of FIG. 21A with a pull core mounted therein and during 
injection of a liquid polymer according to an embodiment of 
the disclosure. 

FIG. 25C is a schematic, cross-sectional view of the mold 
of FIG. 21B with the pull core removed and the mold 
separated after curing of the polymer according to an 
embodiment of the disclosure. 

FIG. 25D is a schematic, cross-sectional view of insertion 
of a propellant unit into the cartridge produced by the mold 
process of FIGS. 25A-25C according to an embodiment of 
the disclosure. 

FIG. 26 is a cross-sectional view of a bolt insert having a 
raised portion with radiused relief shoulders and engaged 
with a cartridge according to an embodiment of the disclo- 
sure. 

FIG. 27 is an enlarged, partial perspective view of the bolt 
insert of FIG. 26 according to an embodiment of the 
disclosure. 

FIG. 28 is a partial, cross-sectional view of the bolt insert 
and cartridge of FIG. 26 during the initiation of ejection 
according to an embodiment of the disclosure. 

FIG. 28A is an enlarged, partial sectional view of FIG. 28. 

FIG. 29 is an enlarged, partial perspective view of a bolt 
insert having a sloped relief face according to an embodi- 
ment of the disclosure. 

FIG. 30 is a partial, cross-sectional view of the bolt insert 
and cartridge of FIG. 29 during the initiation of ejection 
according to an embodiment of the disclosure. 

FIG. 31A is a schematic, cross-sectional view of a mold 
with a reinforcement liner, a projectile, a core pull, and a 
fitnent mounted thereto according to an embodiment of the 
disclosure. 

FIG. 31B is a schematic, cross-sectional view of the mold 
of FIG. 33А during injection of a liquid polymer according 
to an embodiment of the disclosure. 

FIG. 31C is a schematic, cross-sectional view of the mold 
of FIG. 33B with the pull core removed according to an 
embodiment of the disclosure. 

FIG. 31D is a schematic, cross-sectional view of the mold 
of FIG. 33C with the mold separated and the cartridge being 
removed after curing of the polymer according to an 
embodiment of the disclosure. 

FIG. 31E is a schematic, cross-sectional view of insertion 
of a propellant unit into the cartridge produced by the mold 
process of FIGS. 33A-33D according to an embodiment of 
the disclosure. 

FIG. 32 is a perspective view of a cartridge having a 
polymer casing with an external reinforcement sleeve 
according to an embodiment of the disclosure. 

FIG. 32A is a cross-sectional view of the cartridge of FIG. 
32 according to an embodiment of the disclosure. 

FIGS. 32B and 32C are sectional views of reinforced 
reduced energy cartridges having external reinforcement 
sleeves of different lengths according to embodiments of the 
disclosure. 

FIGS. 33A and 33B are perspective views of the external 
reinforcement sleeve of FIG. 32A according to an embodi- 
ment of the disclosure. 

FIGS. 34 and 35 are perspective views of external rein- 
forcement sleeves with punch tab retention features accord- 
ing to embodiments of the disclosure. 

FIGS. 34A and 35A are sectional views of the external 
reinforcement sleeves of FIGS. 34 and 35, respectively, in a 
molded configuration with a polymer casing according to an 
embodiment of the disclosure. 
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НО. 36 is a perspective view of an external reinforcement 
sleeve with dimpled retention features according to an 
embodiment of the disclosure. 

FIG. 36A is a sectional view of the external reinforcement 
sleeve of FIG. 36 in a molded configuration with a polymer 
casing according to an embodiment of the disclosure. 

FIG. 37 is a perspective view of an external reinforcement 
sleeve with ribbed retention features according to an 
embodiment of the disclosure. 

FIG. 37A is a sectional view of the external reinforcement 
sleeve of FIG. 37 in a molded configuration with a polymer 
casing according to an embodiment of the disclosure. 

FIG. 38 is a perspective view of an external reinforcement 
sleeve with a distal end radial protrusion retention feature 
according to an embodiment of the disclosure. 

FIG. 38A is a sectional view of the external reinforcement 
sleeve of FIG. 38 in a molded configuration with a polymer 
casing according to an embodiment of the disclosure. 

FIG. 39 is a perspective view of an external reinforcement 
sleeve with perforated retention features according to an 
embodiment of the disclosure. 

FIG. 39A is a sectional view of the external reinforcement 
sleeve of FIG. 39 in a molded configuration with a polymer 
casing according to an embodiment of the disclosure. 


DETAILED DESCRIPTION 


Referring to FIG. 1A-1D, а rifle system 100 is depicted 
according to an embodiment of the disclosure. The rifle 
system 100 includes a gas operated modern sporting rifle 
102, reduced energy cartridges 108 having polymer cases 
104, and a replacement bolt assembly 120 configured to 
allow a plurality of reduced energy cartridges 108 to be fired 
from the modern sporting rifle 102 and cycled through the 
modern sporting rifle 102 by blowback operation of the 
replacement bolt assembly 120. In some embodiments, the 
replacement bolt assembly 120 moves the reduced energy 
cartridge 108 into the chamber and extracts a polymer case 
104 of the reduced energy cartridge 108 from the chamber 
after a projectile 122 of the reduced energy cartridge 108 has 
been fired through a barrel 126 of the modern sporting rifle 
102. In some embodiments, the modern sporting rifle 102 
comprises a receiver housing 124 and a barrel 126 extending 
forwardly from a forward end of the receiver housing 124, 
and the reduced energy cartridge 108 comprises a projectile 
122 that is dimensioned to be received in a bore of the barrel 
126. In one embodiment, the reduced energy cartridges 108 
may be of the 0.223 Remington size with a reduced amount 
of propellant charge 106. 

Orientations are keyed from a firearm in a normal firing 
position and are applicable throughout this application. The 
various directions are illustrated in FIG. 1A. An upward 
direction U and a downward or lower direction D are 
illustrated using arrows labeled “U” and “D.” respectively. 
A forward direction F and a rearward direction R are 
illustrated using arrows labeled “F” and “К,” respectively, in 
FIG. 1. А starboard direction S and a port direction P are 
illustrated using arrows labeled “S” and “P,” respectively. 
Various direction-indicating terms are used herein as a 
convenient way to discuss the objects depicted in the figures. 
It will be appreciated that many direction indicating terms 
are related to the instant orientation of the object being 
described. It will also be appreciated that the objects 
described herein may assume various orientations without 
deviating from the spirit and scope of this detailed descrip- 
tion. Accordingly, direction-indicating terms such as 
“upwardly,” “downwardly,” “forwardly,” “backwardly,” 
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“portly,” and “starboardly,” should not be interpreted to limit 
the scope of the invention recited in the attached claims. 

Herein, the reduced energy cartridges are referred to 
collectively and generically by reference character 108, with 
specific configurations referred to by the reference character 
108 followed by a letter suffix (e.g., reduced energy cartridge 
108a at FIG. 2A). Likewise, polymer cases and projectiles 
are referred to collectively and generically by reference 
characters 104 and 122, respectively, with specific configu- 
rations referred to the reference characters 104 and 122 
followed by a letter suffix (e.g., projectile 122a and polymer 
case 104a at FIG. 2A). 

In some embodiments, standard modern sporting rifle 
magazines may be used in combination with the replacement 
bolt assembly 120 and the reduced energy cartridges 108. 
The system 100 may include and be used with various 
firearms without deviating from the spirit and scope of the 
present detailed description. Embodiments of system 100 
may include and be used with handguns and/or rifles. 
Embodiments of system 100 may include and be used with 
gas operated firearms and/or non-gas-operated firearms. 
Examples of gas operated firearms include, but are not 
limited to, AR10, AK-47, AK-74, M14, M16, M16A2, M4, 
EN SCAR family, M110, MK11, and others. 

Referring to FIGS. 2A through 8, reduced energy car- 
tridges 108 are depicted according to embodiments of the 
disclosure. In the depicted embodiments, the polymer cases 
have a generally cylindrical body portion 130 with a poly- 
mer case wall 128. The cylindrical body portion includes a 
first outer diameter D1, a neck portion 132 having a second 
outer diameter D2 that is less than the first diameter D1, and 
a frustoconical portion 136 extending between the body 
portion 130 and the neck portion 132. Projectiles 122 of the 
reduced energy cartridges 108 include a first portion dis- 
posed inside a neck lumen 134 defined by the neck portion 
132 of the polymer case 104 and a second portion extending 
forwardly beyond the polymer case 104. The projectiles 122 
may be of standard shapes known to the artisan (e.g., 
projectile 122a at FIG. 2A having a substantially pointed tip, 
or projectile 1225 of FIG. 4A having a radiused tip). 

A propellant unit 138 is disposed in a base lumen 140, the 
base lumen 140 being defined by a base 146 of the polymer 
case 104. The propellant unit 138 includes a housing 148 
having an anvil 151 and defining a cavity 142. A propellant 
charge 106 is disposed inside the cavity 142, and a priming 
material 144 disposed inside the cavity 142 for igniting the 
propellant charge 106. In some embodiments, supplemental 
propellant 106' is disposed within the polymer case 104 
outside the propellant unit (FIGS. 2A, 6A, and 6B). In some 
embodiments, the housing 148 of the propellant unit 138 
includes a body portion 147 and a hollow rim portion 149 
that cooperate to define the cavity 142 (e.g., FIG. 4C). The 
quantity of propellant charge 106 disposed inside the cavity 
142 may be sized to produce an estimated quantity of 
propellant gas. 

In some embodiments, the propellant charge 106, 106' is 
sized to fire the projectile 122 at a velocity of less than 1125 
feet per second. In certain embodiments, the propellant unit 
138 contains the entire energetic load for launching the 
projectile 122 and operating the ejection mechanism of the 
modern sporting rifle 102. In some embodiments, the 
reduced energy cartridge 108 may include supplemental 
propellant 106' disposed in one or more cavities defined by 
the polymer case 104 (e.g., as depicted for polymer cases 
104a, 104c, and 1044 of FIGS. 2A, 6A, and 6B). 

Referring to FIGS. 6A through 6C, polymer cases 104c 
and 104d are depicted according to embodiments of the 


US 10.466.022 B2 


11 


disclosure. The polymer cases 104c, 1044 define a rearward 
cavity 152 and a first inner diameter 41 of the base the lumen 
140. The polymer cases 104с, 104d also define a body lumen 
155 between the base lumen 140 and the neck lumen 134, 
the body lumen 155 having a diameter 42 that is less than a 
diameter 41 of the base lumen. The polymer cases 104c, 
104d further define a forward cavity 150 having a third inner 
diameter d3 of the neck lumen 134. The second inner 
diameter d2 that is smaller than the inner diameter d3 of the 
forward cavity 150 so that the polymer case wall 128 
includes a step portion 154 where the body lumen 155 meets 
the forward cavity 150. The step portion 154 of the polymer 
case wall 128 may include an annular surface 156 that is 
substantially orthogonal to a longitudinal axis C of the 
polymer case 104. 

In the depicted embodiments, the polymer case wall 128 
is unitary (i.e., formed as a single component) from the body 
Iumen 155 to the first outer diameter D1 of the polymer case 
104c, 1044. In some embodiments, the reduced energy 
cartridge 108c, 1084 may include supplemental propellant 
106" that fills the forward cavity 150 and the body lumen 155 
to eliminate air pockets between the propellant unit 138 and 
the projectile 122a. A primary distinction between polymer 
cases 104c and 1044 is the volume (e.g., axial length) of the 
forward cavity 150. That is, the polymer case 104c defines 
a longer forward cavity 150, with space between the annular 
surface 156 and the projectile 122a. The polymer case 1044 
provides essentially no space, with the projectile 122a being 
proximate or in contact with the annular surface 156. In 
some embodiments, the diameter d3 of the forward cavity 
150 and neck lumen 134 is in a range of 4.0 mm to 8.0 mm 
inclusive, with, the diameter d2 of the body lumen 155 is in 
a range between 2.0 mm and 7.0 mm inclusive. In some 
embodiments, the third outer diameter d3 is in a range of 8.9 
mm and 9.1 mm inclusive, with the second outer diameter d2 
in a range of 6.2 mm and 6.4 mm inclusive. 

Functionally, the ability to size the forward cavity 150 and 
body lumen 155 enables tailoring the desired amount of 
supplemental propellant 106' to be used to match the volume 
of the forward cavity 150 and body lumen 155, where the 
desired amount of supplemental propellant 106' produces a 
desired energy level of the projectile in flight. By matching 
the volume of the supplemental propellant 106' to the void 
volumes of the body lumen 155 and the forward cavity 150 
that exists between the projectile 122 and the propellant unit 
138, the supplemental propellant 106' can be effectively 
packed or contiguous without substantial air pockets. Elimi- 
nation of air pockets mitigates detonation or explosion of the 
propellant in favor of a rapid burning discharge. Upon 
ignition of the propellant charge 106, 106', the initial pres- 
sure buildup of the propellant gas behind the projectile 122a 
acts on the annular surface 156 to produce a substantially 
rearward ejecting force on the polymer case 104c. 

Referring to Table 1, muzzle velocities and muzzle ener- 
gies for reduced energy cartridges 108 (and for reinforced 
reduced energy cartridges 308 described below) of various 
cartridge forms at various projectile weights are presented 
according to embodiments of the disclosure. The energy 
levels for 40 grain projectiles fall within a mid energy range 
of 50 ft-lbf to 450 ft-lbf inclusive. The reduced energy 
cartridges 108, 308 with 55 grain, 77 grain, and 100 grain 
projectiles may also be configured to deliver muzzle ener- 
gies that fall within this range. Likewise, various embodi- 
ments of the reduced energy cartridges 108, 308 may be 
tailored to deliver subsonic velocities (1.е., less than about 
1126 fps) for noise abatement. 
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Projectile Muzzle Muzzle 

Weight Velocity Energy 

Cartridge Form [grains] fps] [ft-Ibf] 
223 Rem/5.56 x 45 mm 40 750 50 
223 Rem/5.56 x 45 mm 40 080 03 
223 Rem/5.56 x 45 mm 40 2200 429 
223 Rem/5.56 x 45 mm 55 080 42 
223 Rem/5.56 x 45 mm 77 080 99 
5.56 х 39 шт 40 750 50 
5.56 х 39 шт 40 080 03 
5.56 x 39 mm 40 2200 429 
5.56 x 39 mm 55 080 142 
5.56 x 39 mm 77 1080 99 
9 x 19 mm 20 1080 52 
7.62 x 39 mm 100 750 125 
7.62 x 39 mm 240 1080 621 
7.62 x 39 mm 125 1500 624 


Referring to FIGS. 9 through 17С, details of the rifle 
system 100 are depicted according to an embodiment of the 
disclosure. The system 100 confieured to allow a plurality of 
reduced energy cartridges 108 to be fired from the modern 
sporting rifle 102 and cycled through the modern sporting 
rifle 102 by blowback operation of the replacement bolt 
assembly 120. The replacement bolt assembly 120 includes 
a bolt carrier 168 that is formed of a polymeric material. In 
one or more embodiments, the bolt carrier 168 is formed by 
injection molding. In one or more embodiments, the bolt 
carrier 168 comprises nylon and/or a polyimide material. 

In an embodiment, the replacement bolt assembly weighs 
less than about 330 grams. In an embodiment, the replace- 
ment bolt assembly weighs less than about 300 grams. In an 
embodiment, the replacement bolt assembly weighs less 
than about 250 grams. In an embodiment, the replacement 
bolt assembly weighs less than about 200 grams. In an 
embodiment, the replacement bolt assembly weighs less 
than about 150 grams. In an embodiment, the replacement 
bolt assembly weighs less than about 120 grams. 

In one or more embodiments, the modern sporting rifle 
102 includes a gas-operated reloading mechanism compris- 
ing a piston that reciprocates longitudinally within a cylinder 
between a forward position and a rearward position when 
exposed to high-pressure gases from the firing of rounds. In 
one or more embodiments, the replacement bolt assembly 
120 moves the reduced energy cartridges 108 into the 
chamber and extracts a casings of the reduced energy 
cartridges 108 from the chamber after the projectile 122 of 
the reduced energy cartridge 108 has been fired through a 
barrel of the modern sporting rifle 102. In one or more 
embodiments, the modern sporting rifle 102 comprises a 
receiver housing and a barrel extending forwardly from a 
forward end of the receiver housing, and the reduced energy 
cartridge comprises a projectile that is dimensioned to be 
received in a bore of the barrel. 

In one or more embodiments, the modern sporting rifle 
102 comprises a recoil spring disposed in a lumen defined by 
a receiver extension, the receiver extension extending in a 
rearward direction from the receiver housing and the recoil 
spring acts to bias the replacement bolt assembly in a 
forward direction. In one or more embodiments, the replace- 
ment bolt assembly 120 is biased in a forward direction by 
a recoil spring and translates in a rearward direction upon 
firing ofthe modern sporting rifle 102 to effect cycling ofthe 
modem sporting rifle 102 through blowback operation. 

In one or more embodiments, the replacement bolt assem- 
bly comprises a bolt insert 170. In one or more embodi- 
ments, the bolt insert 170 has a first portion disposed inside 
a cavity 200 defined by the bolt carrier 168 and a second 
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portion extending forwardly beyond the bolt carrier 168. In 
one or more embodiments, the bolt carrier 168 comprises a 
body portion 220 and a key member 222 extending upward 
from the body, the key member does not generally engage 
the gas tube 221, see FIG. 1B, but may ride in a slot 220.2 
in the T-shaped bolt extractor 221.1. In one or more embodi- 
ments, the body portion 220 has a cylindrical three dimen- 
sional shape and the key member 222 has a parallelpiped 
three dimensional shape. In embodiments the bolt insert and 
bolt carrier may be unitary, that is not separate components 
assembled together. The bolt insert may have cogs, see FIG. 
10 that interlace with cogs 224 on the barrel at the firing 
chamber 225, see FIG. 1B 

In one or more embodiments, the replacement bolt assem- 
bly comprises an extractor 178 pivotally coupled to the bolt 
insert. In one or more embodiments, the extractor comprises 
17-4 stainless steel. In one or more embodiments, the bolt 
insert comprises 17-4 stainless steel. In one or more embodi- 
ments, the replacement bolt assembly 120 comprises a firing 
pin 174. In one or more embodiments, the firing pin 174 is 
offset from a central longitudinal axis of the bolt insert 170. 
In one or more embodiments, the firing pin is positioned to 
strike a rim of a rim fire blank that is part of a reduced energy 
cartridge. In one or more embodiments, the firing pin 174 
comprises 17-4 stainless steel. 

Elevation and plan views of three sides of a replacement 
bolt assembly 120 are depicted in FIG. 17A through FIG. 
17C (referred to collectively herein as FIG. 17). Engineer 
graphics textbooks generally refer to the process used to 
create orthogonal views of a three dimensional object as 
multiview projection or orthographic projection. It is cus- 
tomary to refer to multiview projections using terms such as 
front view, right side view, top view, rear view, left side 
view, and bottom view. In accordance with this convention, 
FIG. 17A may be referred to as a front view of the conver- 
sion bolt assembly 120, FIG. 17B as a right side view of the 
conversion bolt 120, and FIG. 17C as a top view of the 
conversion bolt assembly 120. Terms such as front view and 
right side view are used herein as a convenient method for 
differentiating between the views depicted in FIG. 17. It will 
be appreciated that the elements depicted in FIG. 17 may 
assume various orientations without deviating from the spirit 
and scope of this disclosure. Accordingly, the terms front 
view, right side view, top view, rear view, left side view, 
bottom view, and the like should not be interpreted to limit 
the scope of the invention recited in the attached claims. 

Referring to FIGS. 18, 18A, 18В, 19, and 20, reinforced 
reduced energy cartridges 308a and 3085 are depicted in 
embodiments of the disclosure. Herein, reinforced reduced 
energy cartridges are referred to collectively and generically 
by reference character 308, with specific configurations 
referred to by reference character 308 followed by a letter 
suffix (e.g., reduced energy cartridges 308a at FIG. 18A). 
The reinforced reduced energy cartridges 308 include many 
ofthe same components and attributes as the reduced energy 
cartridges 108, indicated by same-numbered numerical ref- 
erences. In addition, the reinforced reduced energy car- 
tridges 308a and 3085 include reinforcement liners 310a and 
3105, respectively, disposed within the base 146 of the 
polymer case 104. Herein, the reinforcement liners are 
referred to collectively and generically by reference char- 
acter 310, with specific configurations referred to by the 
reference character 310 followed by a letter suffix (e.g. 
reinforcement liner 3105 at FIG. 20). 

Referring to FIG. 19A, and again to FIGS. 18A and 19, 
the reinforcement liner 310a is depicted in isolation in an 
embodiment of the disclosure. The reinforcement liner 310a 
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includes a sleeve portion 312 having an outer surface 314 
that defines an outer diameter 316. In the depicted embodi- 
ment, the sleeve portion 312 of the reinforcement liner 310a 
is generally right-cylindrical, but may include other geom- 
etries, such as an inclined or tapered geometry (e.g., a 
frustoconical geometry, described below). A radial protru- 
sion 320 projects radially outward beyond the outer diameter 
316 of the outer surface 314. The sleeve portion 312 also 
defines a sleeve lumen 318 having an inner diameter 319. 
The outer surface 314 may also be textured, for example 
with perforations (such as the perforations 360 depicted in 
FIG. 20A), tangentially- or axially-extending striations (not 
depicted) or a knurling pattern (not depicted). 

In the depicted embodiment of the reinforced reduced 
energy cartridge 308a, the radial protrusion 320 of the 
reinforcement liner 310a is provided by a flared portion 322 
at a distal end 324 of the reinforcement liner 310a. The 
radial protrusion 320 may be provided by other means, for 
example a bead (not depicted) at the distal end 324 of the 
reinforcement liner 310a, or a radially extending band 326 
that projects radially outward relative to the outer surface 
314 of the sleeve portion 312 (depicted in FIG. 19B). 

The reinforcement liner 310a includes a shoulder portion 
332 that extends from a proximal end 334 of the sleeve 
portion 312, the shoulder portion 332 defining a radiused 
inner surface 336. A flange portion 338 extends from a 
proximal end 335 of the shoulder portion 332 and radially 
outward, beyond the shoulder portion 332, the flange portion 
338 defining a proximal face 342 of the reinforcement liner 
310a and also defining a radial extremity 344 of the rein- 
forcement liner 310a. In the depicted embodiment, the 
flange portion defines a minimum inner diameter that is the 
same as an inner diameter of the proximal end 335 of the 
shoulder portion 332. 

In some embodiments, the radiused inner surface 336 of 
the shoulder portion 332 and the flange portion 338 define an 
internal axial dimension 346 that is greater than the axial 
dimension 153 of the hollow rim portion 149 of the propel- 
lant unit 138. As such, in combination, the propellant unit 
138 and the reinforcement liner 310a define a recess 352 
between the proximal face 342 of the reinforcement liner 
310a and the anvil 151 of the hollow rim portion 149, the 
recess 352 defining an axial dimension 354. In some 
embodiments, the axial dimension 354 is in a range of 0.02 
inches to 0.07 inches inclusive. In some embodiments, the 
axial dimension 354 is in a range of 0.03 inches to 0.06 
inches inclusive. In some embodiments, the axial dimension 
354 1s in a range of 0.04 inches to 0.05 inches inclusive. 

Referring to FIG. 20A, and again to FIGS. 18В and 20, 
the reinforcement liner 3105 is depicted in isolation in an 
embodiment of the disclosure. The reinforcement liner 3105 
includes some of the same components and attributes as the 
reinforcement liner 310a, indicated by same-numbered 
numerical references. The reinforcement liner 3105 does not 
include a shoulder portion, such as the shoulder portion 332 
of the reinforcement liner 310a. Rather, the flange portion 
338 extends directly from a proximal end 334 of the sleeve 
portion 312 of the reinforcement liner 3105, the flange 
portion 338 also extending radially outward, beyond the 
sleeve portion 312. In the depicted embodiment, the flange 
portion defines a minimum inner diameter that 15 the same 
as an inner diameter of the proximal end 334 of the sleeve 
portion 332. The sleeve portion 312 is at least partially 
imbedded annularly within the polymer case wall 128 of the 
body portion 130 of the polymer case 104, such that the 
reinforcement liner 3105 resides in an annular region 356 
within the polymer case wall 128. The outer surface 314 of 
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the sleeve portion 312 may also be textured, for example 
with tangentially- or axially-extending striations or а knurl- 
ing pattern (not depicted). In some embodiments, the sleeve 
portion 312 defines a plurality of perforations 360 to provide 
surface texturing. 

For the depicted embodiment of the reinforced reduced 
energy cartridge 3085, a proximal portion 358 of the rein- 
forcement liner 3105 extends rearwardly beyond the base 
146 of the polymer case 104. A proximal end 362 of the base 
146 may define the radiused inner surface 336. In some 
embodiments, the radiused inner surface 336 of the base 146 
and a rearwardly-extending portion 364 of the reinforcement 
liner 3105 define the internal axial dimension 346 that is 
greater than the axial dimension 153 of the hollow rim 
portion 149 of the propellant unit 138. As such, in combi- 
nation, the propellant unit 138, the radiused inner surface 
336, and the reinforcement liner 3105 define the recess 352 
between the proximal face 342 of the reinforcement liner 
3105 and the anvil 151 of the hollow rim portion 149, the 
recess 352 defining the axial dimension 354. 

The propellant unit 138 is disposed within the base lumen 
140 ofthe polymer case 104. In some embodiments, the base 
Iumen 140 defines a tangentially extending relief groove 366 
adjacent the propellant unit 138. The tangentially extending 
relief groove 366 may surround the propellant unit 138, i.e., 
be continuous. 

Functionally, the reinforcement liner 310 reinforces the 
base 146 of the reinforced reduced energy cartridge 308 to 
withstand the forces incurred during discharge of the pro- 
pellant unit 138, so that the polymer case wall 128 of the 
reinforced reduced energy cartridge 308 does not rupture 
during the discharge. The texturing of the outer surface 314, 
when implemented, enhances the coupling between the 
polymer case wall 128 and the reinforcement liner 310. 

The axial dimension 354 of the recess 352 may be sized 
so that the reinforced reduced energy cartridges 308 is 
beyond the reach of center firing pins or rimfiring pins of 
certain weapons. In this way, the reinforced reduced energy 
cartridges 308 can be prevented from being discharged in 
various weapons. 

For the reinforcement liner 310a, the radial protrusion 
320, when implemented, extends radially into the polymer 
case wall 128 to secure the reinforcement liner 310a within 
the base 146 of the reinforced reduced energy cartridge 
308a. The radiused inner surface 336 of the shoulder portion 
332 of the reinforced reduced energy cartridge 308a may be 
substantially conformal to the hollow rim portion 149 of the 
propellant unit 138 to prevent deformation of the hollow rim 
portion 149 when inserted into the reinforcement liner 310a. 
The inner diameter 319 of the sleeve lumen 318 may be 
dimensioned for a slight interference fit with the propellant 
unit 138, requiring a light press fit of the propellant unit 138 
into the reinforcement liner 310a, thereby securing the 
propellant unit 138 to the reinforcement liner 310a during 
shipping and handling. 

For the reinforcement liner 3105, a distal end portion 368 
of the sleeve portion 312 extends axially into the polymer 
case wall 128 to secure the reinforcement liner 3105 within 
the base 146 of the reinforced reduced energy cartridge 
3085. Imbedding the distal end portion 368 within the 
polymer case wall 128 prevents expanding gasses from 
leaking between the reinforcement liner 3105 and the poly- 
mer case 104, thereby preventing failure of the polymer case 
wall 128 at the base 146. 

The radiused inner surface 336 of the base 146 may be 
substantially conformal to the hollow rim portion 149 of the 
propellant unit 138 to prevent deformation of the hollow rim 
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portion 149 when inserted into the base 146. The inner 
diameter of the base lumen 140 may be dimensioned for a 
slight interference fit with the propellant unit 138, requiring 
a light press fit of the propellant unit 138 into the polymer 
case 104, thereby securing the propellant unit 138 to the 
reinforcement liner 3105 during shipping and handling. 

The tangentially extending relief groove 366 provides 
relief for the expansion of the housing 148 of the propellant 
unit 138. Upon discharge of the propellant unit 138, the 
housing 148 may expand radially into the tangentially 
extending relief groove 366, thereby capturing and prevent- 
ing the spent housing 148 from being propelled rearwardly 
within or out of the polymer case 104. 

The reinforcement liners 310 may be fabricated by tech- 
niques known to the artisan, for example by stamping, 
milling, injection molding (including metals), or casting. 
The reinforcement liners 310 may be fabricated from any 
material strong enough to withstand the forces incurred 
during discharge of the propellant unit 138, such as metals 
or high strength epoxies. 

Referring to FIGS. 21A through 21C, 22А through 22C, 
23A through 23C, and 24, reinforced reduced energy car- 
tridges 308 having variously configured reinforcement liners 
310 are depicted according to embodiments of the disclo- 
sure. The reinforcement liners 310c, 3104, and 310e and 
corresponding reduced energy cartridges 308c, 3084, and 
308e (FIGS. 21A through 21C) have many of the same 
components and attributes as reinforcement liner 3102, 
which are indicated with same-numbered reference charac- 
ters. In reference to each other, the reinforcement liners 
310c, 3104, and 310e differ only in a length LS of the sleeve 
portion 312. The length LS of the sleeve portion 312 of the 
reinforcement liner 310c is approximately the same length 
as the unsupported region 378 of the cartridge 308c within 
a firing chamber 380 (depicted in phantom in FIGS. 21A- 
21C) of a firearm. The length LS of the sleeve portion 312 
of the reinforcement liner 3104 extends partway along the 
blank power load 138 but beyond the unsupported region 
378 of the cartridge 3084. The length LS of the sleeve 
portion 312 of the reinforcement liner 310e extends beyond 
the length of the blank power load 138. 

Accordingly, in some embodiments, a ratio of the length 
LS of the sleeve portion 312 of the reinforcement liner 310 
to an overall length LA of the polymer case 104 is in a range 
of 596 to 2096 inclusive. In some embodiments, the ratio of 
the length LS of the sleeve portion 312 of the reinforcement 
liner 310 to an overall length LA of the polymer case 104 is 
in a range of 2096 to 4096 inclusive. In some embodiments, 
the ratio of the length LS of the sleeve portion 312 of the 
reinforcement liner 310 to an overall length LA of the 
polymer case 104 is in a range of 3096 to 5096 inclusive. 

The reinforcement liners 310c, 3104, and 310e also depict 
a radiused corner 372 at the inner diameter of the flange 
portion 338. The reinforced reduced energy cartridge 308e 
also depicts a body lumen 374 of reduced diameter relative 
to the base lumen 140 for increased thickness of the unitary 
polymer case wall 128 relative to wall thickness about the 
rearward cavity 152, in combination with a rim fire blank 
power load 138. It is noted that the increased thickness ofthe 
unitary polymer case wall 128 may be implemented in any 
of the reinforced reduced energy cartridges 308, as well as 
reduced energy cartridges 108. It is further noted that it is not 
necessary to implement the increased thickness of the uni- 
tary polymer case wall 128 in the reinforced reduced energy 
cartridge 308e. 

Reinforcement liners 310Ғапа 310g of reinforced reduced 
energy cartridge 308/ and 308g (FIGS. 22A through 22C) 
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also have many of the same components and attributes as 
reinforcement liner 3105, which are indicated with same- 
numbered reference characters. The reinforcement liners 
310f and 310g also depict sleeve portions 312 of differing 
sleeve length LS. In addition, reinforcement liners 310f and 
310g include a radial protrusion 382 that extends from a 
distal end of the sleeve portion 312. In the depicted embodi- 
ments, the radial protrusion 382 is imbedded within the 
polymer case wall 128 of the body portion 130 of the 
reinforced reduced energy cartridge 3087, 308g. The radial 
protrusion 382 projects radially inward (1.е., toward the 
longitudinal axis C). 

The radial protrusion 382 may be continuous. The radial 
protrusion 382 defines a radial protrusion dimension 384 
relative to an inner diameter 386 of the sleeve portion 312 
at a distal end 388 of the sleeve portion 312 (FIG. 22C). In 
some embodiments, the radial protrusion dimension 384 is 
in a range of 75 micrometers to 250 micrometers inclusive. 
In some embodiments, the radial protrusion dimension 384 
is in a range of 75 micrometers to 150 micrometers inclu- 
sive. In some embodiments, the radial protrusion dimension 
384 is in a range of 100 micrometers to 150 micrometers 
inclusive. 

Reinforcement liner 3104 of reinforced reduced energy 
cartridge 3085 (FIGS. 23A and 23B) includes a sleeve 
portion 312 having an inwardly inclined inner surface 392 
that defines a converging incline or taper from a proximal 
end 393 to a distal end 395 of the sleeve portion 312, such 
that a proximal inner diameter 394 of the sleeve portion 312 
(1.е., the diameter at the junction of the sleeve portion 312 
and the flange portion 338) is greater than a distal inner 
diameter 396 of the sleeve portion 312. 

Alternatively, or in addition, a reinforcement liner 3107 
may include an outwardly inclined outer surface 402, as 
depicted in FIG. 23C. For this embodiment, the sleeve 
portion 312 defines a diverging incline or taper from the 
proximal end 393 to the distal end 395 of the sleeve portion 
312, such that a proximal outer diameter 404 of the sleeve 
portion 312 (i.e., the diameter at the junction of the sleeve 
portion 312 and the flange portion 338) is greater than a 
distal outer diameter 406 of the sleeve portion 312. Also, the 
embodiments of FIGS. 23A and 24 may also incorporate the 
various lengths LS of the sleeve portion 312 depicted in 
FIGS. 21A through 21C and described attendant thereto. 

Geometries where the sleeve portion 312 of the reinforce- 
ment liner 310 defines inner or outer surfaces 392, 402 that 
are inclined are herein referred to as “tapered-cylindrical.” 
The tapered-cylindrical geometries depicted in FIGS. 23A, 
23B, and 23C are frustoconical geometries, depicted with 
the incline of the surfaces 392 and 402 exaggerated for 
illustrative effect. The inclined surfaces 392 and 402 can be 
achieved with geometries other than a frustoconical geom- 
etry. For example, the inclined surfaces 392 and 402 can 
define a monotonic arcuate surface that is or approximates a 
segment of a circular, hyperbolic, or elliptical profile. 

The reinforcement liners 3107 and 310i may be charac- 
terized by the magnitude of the incline of the sleeve portion 
312. The “magnitude of the incline” is taken as the differ- 
ence between the proximal end and distal end diameters. 
Specifically, for the inwardly inclined inner surface 392, the 
magnitude of the incline is the difference between the 
proximal inner diameter 394 and the distal inner diameter 
396 of the sleeve portion 312. For the outwardly inclined 
outer surface 402, the magnitude of the incline is the 
difference between the distal outer diameter 406 and the 
proximal outer diameter 404 of the sleeve portion 312. In 
some embodiments, the magnitude of the incline is in a 
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range of 75 micrometers to 250 micrometers inclusive. In 
some embodiments, the magnitude of the incline is in a 
range of 75 micrometers to 150 micrometers inclusive. In 
some embodiments, the magnitude of the incline is in a 
range of 100 micrometers to 150 micrometers inclusive. 

Reinforcement liner 310} of reinforced reduced energy 
cartridge 308] (FIG. 24) includes the same geometrical form 
as the reinforcement liner 3107, with the addition of the 
radial protrusion 382 that extends from the distal end 395 of 
the sleeve portion 312. The radial protrusion 382 described 
attendant to reinforcement liners reinforcement liners 310f 
and 310g is applied mutatis mutandis to inclined geometries 
of the reinforcement liners 310; and 3107. In some embodi- 
ments, the protrusion dimension 384 and the magnitude of 
the incline are each within the ranges state above. In some 
embodiments, the combination of the protrusion dimension 
384 and the magnitude of the incline is in a range of 75 
micrometers to 250 micrometers inclusive. In some embodi- 
ments, the combination of the protrusion dimension 384 and 
the magnitude of the incline is in a range of 75 micrometers 
to 150 micrometers inclusive. In some embodiments, the 
combination of the protrusion dimension 384 and the mag- 
nitude of the incline is in a range of 100 micrometers to 150 
micrometers inclusive. 

Functionally, the length of the sleeve portions 312 may be 
dictated by the power level of the respective reinforced 
reduced energy cartridge 308. That is, as power increases, 
the length of the sleeve portion 312 may need to increase as 
well to effectively bridge and prevent failure of the portion 
ofthe polymer case 104 that is not supported by the chamber 
of the firearm. The radiused corner 372 may facilitate 
ejection of the reinforced reduced energy cartridge 308, as 
explained in further detail below. Both the inward radial 
protrusion 382 of (FIGS. 22A, 22B, and 24) and the inward 
inclined surface effectively creates an interference between 
reinforcement liner 310/; 310g and the polymer case wall 
128 that resists axial movement of the reinforcement liner 
310/ 310g relative to the reinforced reduced energy car- 
tridge 308, which militates against dislodging the reinforce- 
ment liner 310/; 310g from the polymer case wall 128 during 
operation (e.g., discharge and extraction). For embodiments 
defining the body lumen 374 of reduced diameter relative to 
the base lumen 140 with the unitary polymer case wall 128, 
the unitary construction enables the expanding gases and 
attendant pressures generated during discharge of the car- 
tridge to be bounded by the body lumen 374, such that gas 
cannot bypass the body lumen 374. Bounding of the expand- 
ing gases by the body lumen 374 thus increases the strength 
of the polymer case wall 128 relative, for example, to use of 
a bushing inserted in a polymer casing to define a body 
lumen. 

Referring to FIGS. 25A through 25D, a manufacturing 
process for injection molding of the reinforced reduced 
energy cartridge 308а is schematically depicted in an 
embodiment of the disclosure. A mold 400 having two 
complementary radial halves 402а and 4026 cooperate to 
define a mold cavity 405, a first registration aperture 406 for 
the projectile 122, and a second registration aperture 408 for 
the reinforcement liner 310a. The complementary halves 
402a and 4026 include injection and venting ports 412 and 
414, respectively. In some embodiments, the injection port 
comprises multiple fanned-shaped passages to approximate 
a disk-shaped void that surrounds the mold cavity. The mold 
400 may also include radial inward protrusions (not 
depicted) for defining the longitudinal flutes of the polymer 
case 104. 
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Apull core 416 15 inserted through the reinforcement liner 
310а and registered against and concentrically with the 
projectile 122 (FIG. 25B). Upon registration of the projectile 
122, the reinforcement liner 310a, and the core pull 416, the 
exposed surfaces of the mold cavity 405 define the exterior 
surfaces of the polymer case 104, and the core pull 416 
defines the base lumen 140. The core pull 416 and the 
projectile 122 cooperate to define the neck lumen 134. 

Liquid polymer 410 is injected through the injection port 
412 to fill the remaining voids of the mold cavity 405. 
Displaced gas from the mold cavity 405 is vented through 
the vent port 414 (FIG. 25B). When the polymer case wall 
128 is sufficiently cured, the core pull 416 is removed and 
the polymer case 104 removed from the mold (FIG. 25C). In 
the depiction of FIG. 25C, the mold 400; s a clam-shell type 
mold, where the opposing sides 402a, 4025 of the mold 400 
are separated to free the polymer case 104. Sprues 418 (FIG. 
25C) that may be formed on the polymer case 104 during the 
molding process may then be removed. The propellant unit 
138 is then inserted into the reinforcement liner 310a (FIG. 
25D). 

Referring to FIGS. 26 and 27, a bolt insert 432 having a 
raised portion 434 with radiused relief shoulders 436 is 
depicted in an embodiment of the disclosure. The raised 
portion 434 is a protrusion at a forward end of the bolt insert 
432 that defines a forward or distal face 435, the raised 
portion 434 defining a radial dimension 437 and an axial 
dimension 439. The radial dimension 437 of the raised 
portion 434 is dimensioned to translate into the recess 352 
along the longitudinal axis C without interference. The axial 
dimension 439 is sized to contact the anvil 151 of the 
propellant unit 138 when the reinforced reduced energy 
cartridge 308 is loaded in the firing chamber 380 and the 
flange portion 338 is registered against the bolt insert 432 
(i.e., prior to and during discharge of the propellant unit 138. 
In the depicted embodiment, the radiused relief shoulders 
436 are fully radiused, meaning that the radius starts at a 
base 438 of the raised portion 434 to define a quarter-circle 
profile. 

Functionally, the raised portion 434 prevents the propel- 
lant unit 138 from being displaced rearwardly within the 
base lumen 140 during discharge. Such displacement may 
otherwise occur upon contact with the rimfire firing pin 174, 
causing the anvil 151 of the propellant unit 138 to tear or 
rupture against the firing pin 174 before the firing pin 174 is 
withdrawn. Such rupture can cause some of the expanding 
gases to leak therethrough, reducing the energy imparted to 
the projectile in an unwanted and unpredictable manner. 

Referring to FIGS. 28 and 28A, the function of the 
radiused relief shoulders 436 is described according to an 
embodiment of the disclosure. During ejection of the rein- 
forced reduced energy cartridge 308, the flange portion 338 
of the reinforcement liner 310 of the cartridge 308 pivots 
laterally about the extractor 178 to define a contact point or 
line 442 between the extractor 178 and the flange portion 
338. The reinforcement liner 310 lifts away from an opposed 
portion 444 of the of the bolt insert 432, the opposed portion 
444 being so-named because it is diametrically opposed to 
the extractor 178. The flange portion 338 of the reinforce- 
ment liner 310 that is adjacent the opposed portion 444 lifts 
away from the bolt insert 432 in an arc 446 that is centered 
about the contact point 442. 

Because of the arcing action, the portion of the flange 
portion 338 that is adjacent the opposed portion 444 of the 
bolt insert 432 moves radially inward, toward the longitu- 
dinal axis C. The radiused relief shoulders 436 enable flange 
portion 338 to clear the bolt insert 432 without incidental 
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contact with the raised portion 434. To illustrate this effect, 
a hypothetical squared corner profile 447 for the raised 
portion 434 is depicted in phantom in FIG. 28A. The 
depiction illustrates that if the raised portion 434 had the 
profile of the hypothetical squared corner profile 447, the 
flange portion 338 would glancingly contact the raised 
portion 434 as the reinforced reduced energy cartridge 308 
arcs toward the longitudinal axis C. Such incidental contact 
could inhibit the rapid ejection of the cartridge that is relied 
upon for smooth operation of the rifle system 100. 

The FIG. 28A depiction also illustrates a hypothetical 
squared corner profile 448 for the flange portion 338, also 
depicted in phantom. The phantom lines 447 and 448 
illustrate that the incidental contact would be exacerbated if 
both the flange portion 338 and the raised portion 434 had 
square corner profiles. Accordingly, the radiused relief 
shoulders 436 of the raised portion 434 and the radiused 
corners 372 of the flange portion 338 combine to provide 
ample clearance that militates against incidental contact 
between the reinforced reduced energy cartridge 308 and the 
raised portion 434 of the bolt insert 432. Because of this 
ample clearance, fully radiused relief shoulders are not 
necessary. That is, the radius need not extend to the base 438 
of the raised portion 434, particularly in combination with 
cartridges 308 that have radiused flange corners 437. Rather, 
the radius of the radiused relief shoulders 436 may extend 
only partway along the axial dimension 439. Such an 
arrangement would define a smaller radiused shoulder than 
the full radiused shoulder depicted, thus providing a larger 
distal face 435 for support of the anvil 151. 

Referring to FIGS. 29 and 30, a raised portion 434 
including a sloped relief face 449 at the opposed portion 444 
of the bolt insert 432. In the depicted embodiment, the 
sloped relief face 449 is limited locally to the raised portion 
434 of the opposed portion 444. 

Functionally, the sloped relief face 449 operates to the 
same effect as the radiused relief shoulders 436, as depicted 
in FIG. 30. That is, the sloped relief face 449 enables the 
flange portion 338 to clear the raised portion 434. The 
remainder of the raised portion 434 may include substan- 
tially square corners. Accordingly, the reduction in the 
contact area between the distal face 435 and the anvil 151 
may be increased relative to radiused relief shoulder con- 
figurations, which may enhance the integrity of the support 
of the anvil 151 for higher powered loads. 

Alternative relief structures for providing clearance 
between the reinforced reduced energy cartridge 308 and the 
raised portion 434 of the bolt insert 432 are also contem- 
plated. For example, the raised portion 434 could be of a 
frustoconical shape that tapers toward the longitudinal axis 
C at the distal face 435. Also, instead of radiused shoulders, 
chamfered shoulders may be used to the same effect. Also, 
the radiused, chamfered, or frustoconical relief does have to 
be continuous about the periphery of the raised portion 434. 
Rather, as with the sloped relief face 449, the radiused, 
chamfered, or frustoconical relief may be localized to the 
opposed portion 444 of the raised portion 434 of the bolt 
insert 432. 

Referring to FIGS, 31A through 31E, a manufacturing 
process for injection molding of the reinforced reduced 
energy cartridge 3085 is schematically depicted in an 
embodiment of the disclosure. A mold 450 having two 
complementary axial components, a forward component 
452a and a rearward component 4525, which cooperate to 
define a mold cavity 454, a first registration aperture 456 for 
the projectile 122, and a second registration aperture 458 for 
the reinforcement liner 3105. In the depicted embodiment, 


US 10.466.022 B2 


21 


the forward component 452a of the mold 450 defines а 
venting port 464. À pull core 466 is inserted throueh the 
reinforcement liner 3105 and registered against and concen- 
trically with the projectile 122 (FIG. 31B). The mold 450 
may also include protrusions that project radially inward 
(not depicted) for defining the longitudinal flutes of the 
polymer case 104. 

An injection port 472 is defined in a fitting 474 that is 
disposed within the reinforcement liner 3105 against a 
proximal end 476 of the pull core 466. In the depicted 
embodiment, the fitting 474 defines the radiused inner 
surface 336 ofthe base 146 during the molding process. Also 
in the depicted embodiment, the fitting 474 cooperates with 
the pull core 466 to define a diaphragm gate 478 for injection 
molding of the polymer case wall 128. 

Upon registration of the projectile 122, the reinforcement 
liner 3105, the core pull 466, and the fitting 474, the exposed 
surfaces of the mold cavity 454 define the exterior surfaces 
of the polymer case 104, and the core pull 466 defines the 
base lumen 140 (FIG. 31A). The core pull 466 and the 
projectile 122 cooperate to define the neck lumen 134. 

Liquid polymer 410 is injected through the injection port 
472 to fill the remaining voids of the mold cavity 454. 
Displaced gas from the mold cavity 454 is vented through 
the vent port 464 (FIG. 33B). When the polymer case wall 
128 is sufficiently cured, the core pull 466 is removed and 
the polymer case 104 removed from the mold (FIG. 25C). 
Any sprues from the diaphragm gating of the mold may be 
largely removed from the removal of the pull core 466. 
Furthermore, any remnant material left within the base 
lumen 140 from the sprues may assist in providing an 
interference fit between the propellant unit 138 and the base 
Тишеп 140. 

As is known in the art, there is a window of time in the 
curing process where the shape of the molded article is 
defined and the polymer is set, but the polymer is still soft 
and pliable. It is during this time window that the core pull 
466 is removable from the tangentially extending relief 
groove 366 without damaging the polymer case 104. Also 
known in the art is the proper dimensioning of a protrusion 
470 that defines the tangentially extending relief groove(s) 
366 that enables removal of the core pull 466 without 
damage to the polymer case 104. 

In the depiction of FIG. 31C, the mold 450 is an axial pull 
mold, where the rearward component 4526 may be bifur- 
cated for removal about the flange 338 of the reinforcement 
liner 3105. Thereafter, the polymer case 104, with the 
reinforcement liner 3105 and the projectile 122 overmolded 
therein, is removed from the forward component 452a of the 
mold 450 (FIG. 31D). The propellant unit 138 is then 
inserted into the base lumen 140 (FIG. 31E). 

The reinforced reduced energy cartridge 3085 is depicted 
as defining a single tangentially extending relief groove 366. 
Alternatively, a plurality of such relief grooves may be 
defined, each of reduced radial dimension to reduce the force 
required to remove the core pull 466. Also, the relief groove 
366 may be extended in the axial dimension and reduced in 
the radial dimension to the same effect. Also in the depicted 
embodiment, the tangentially extending relief groove 366 is 
disposed forward of the reinforcement liner 3105. Alterna- 
tively, the relief groove(s) 366 can be disposed closer to the 
proximal end 362 of the base 146, surrounded by the 
reinforcement liner 3105. 

Referring to FIGS. 32 and 324A, a reinforced reduced 
energy cartridge 3084 is depicted according to an embodi- 
ment of the disclosure. The reinforced reduced energy 
cartridge 308& may include many of the same components 
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and attributes as other reduced energy cartridges 308, indi- 
cated by same-numbered numerical references. In addition, 
the reinforced reduced energy cartridge 308% includes an 
external reinforcement sleeve 510/ that surrounds the base 
146 of the polymer case 104. Herein, external reinforcement 
sleeves are referred to collectively and generically by ref- 
erence character 510, with specific configurations referred to 
by the reference character 510 followed by a letter suffix 
(e.g., external reinforcement sleeve 510& depicted at FIG. 
32A). 

Referring to FIGS. 33A and 33B, the external reinforce- 
ment sleeve 510% is depicted in isolation according to an 
embodiment of the disclosure. The external reinforcement 
sleeve 5104 includes a sleeve portion 512 having an outer 
surface 514 that defines an outer diameter 516. In the 
depicted embodiment, the sleeve portion 512 of the external 
reinforcement sleeve 510/ is generally right-cylindrical. 
Instead of right-cylindrical, the sleeve portion 516 may be 
tapered (not depicted) to conform to the chamber of certain 
caliber firearms. The sleeve portion 512 also defines a sleeve 
Iumen 518 that defines a maximum inner diameter 519 of an 
interior surface 521 of the external reinforcement sleeve 
510k. 

The external reinforcement sleeve 5104 includes an exter- 
nal shoulder portion 532 that extends from a proximal end 
534 of the sleeve portion 512, the external shoulder portion 
532 including an outer surface 536. A neck portion 533 
extends axially from a proximal end 535 of the shoulder 
portion 532. A flange portion 538 extends radially outward 
from the neck portion 533, the flange portion 538 defining 
a proximal face 542 of the external reinforcement sleeve 
5104 and also defining a radial extremity 544 of the external 
reinforcement sleeve 510k. In the depicted embodiment, the 
neck portion 533 defines a minimum inner diameter 545 that 
is less than the maximum inner diameter 519. 

For reinforced reduced energy cartridge 3084, the neck 
portion 533 of the external reinforcement sleeve 510k 
extends rearwardly beyond the base 146 of the polymer case 
104 (FIG. 32A). As with the reinforced reduced energy 
cartridge 3085, the proximal end 362 of the base 146 may 
define the radiused inner surface 336. In some embodiments, 
the radiused inner surface 336 of the base 146 and the 
proximally extending neck portion 533 of the external 
reinforcement sleeve 5104 define the internal axial dimen- 
sion 346 that 1s greater than the axial dimension 153 (FIG. 
4C) of the hollow rim portion 149 of the propellant unit 138. 
As such, in combination, the propellant unit 138, the radi- 
used inner surface 336, and the external reinforcement 
sleeve 510% define the recess 352 between the proximal face 
542 of the external reinforcement sleeve 5104 and the anvil 
151 of the hollow rim portion 149 of ће propellant unit 138, 
the recess 352 defining the axial dimension 354. 

Referring to FIGS. 32B and 32C, reinforced reduced 
energy cartridges 308m and 3087 having variously config- 
ured external reinforcement sleeves 510 and 5107, respec- 
tively, are depicted according to embodiments of the dis- 
closure. The external reinforcement sleeves 510т and 5107 
and corresponding reduced energy cartridges 308m and 
3087 have many of the same components and attributes as 
external reinforcement sleeve 5105, which are indicated 
with same-numbered reference characters. In reference to 
each other, the external reinforcement sleeves 510т and 
5107 differ only in the length LS of the sleeve portion 512. 
The length LS of the sleeve portion 512 of the external 
reinforcement sleeve 510m extends beyond the unsupported 
region 378 of the cartridge 308m, and also beyond the blank 
power load 138. The length LS of the sleeve portion 512 of 
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the external reinforcement sleeve 5107 extends to proximate 
the frustoconical portion 136 of the polymer case 104. 

Accordingly, in some embodiments, a ratio of the length 
LS of the sleeve portion 512 of the external reinforcement 
sleeve 510 to an overall length LA of the polymer case 104 
is in a range of 5% to 2096 inclusive. In some embodiments, 
the ratio of the length LS of the sleeve portion 512 of the 
external reinforcement sleeve 510 to an overall length LA of 
the polymer case 104 is in a range of 20% to 50% inclusive. 
In some embodiments, the ratio of the length LS of the 
sleeve portion 512 of the external reinforcement sleeve 510 
to an overall length LA of the polymer case 104 is in a range 
of 5096 to 75% inclusive. 

Referring to FIGS. 34 through 39A, external reinforce- 
ment sleeves 510 having retention features 550 for enhanc- 
ing the coupling between the polymer case 104 and the 
external reinforcement sleeve 510 are depicted according to 
various embodiments of the disclosure. Herein, the retention 
features are referred to collectively and generically by 
reference character 550, with specific configurations 
referred to by the reference character 550 followed by a 
letter suffix (e.g., punched retention feature 5500 depicted at 
FIG. 34). 

In some embodiments, reinforced reduced energy car- 
tridges 3080 and 308p utilize an external reinforcement 
sleeve 5100 and 510p, respectively, the reinforcement 
sleeves 5100, 510p each include a punched retention feature 
5500, 550p, respectively (FIGS. 34, through 35A). The 
punched retention feature 5500, 550p includes a section 552 
that is partially cut from the sleeve portion 512 and 
deformed radially inward toward a centerline 554 of the 
external reinforcement sleeve 5100, 510p. The radially 
inward deformation of the section 552 enables at least a 
portion of the punched retention feature 550o, 550p to be 
recessed from the outer surface 514 of the sleeve portion 
512, such that an outer surface 556 of the section 552 is in 
fluid communication with the sleeve lumen 518. During the 
molding process, the polymer floods the recess so that a 
portion of the punched retention feature 550o, 550p 
becomes imbedded polymer case wall 128, thereby anchor- 
ing the external reinforcement sleeve 5100, 510p to the 
polymer case 104. Accordingly, there are exposed portions 
558 of polymer on the external reinforcement sleeve 5100, 
510p. 

In some embodiments, a reinforced reduced energy car- 
tridge 3084 includes an external reinforcement sleeve 5104 
having dimple retention features 550g (FIGS. 36 and 36A). 
The dimple retention features 5504 define concavities 562 
on the outer surface 514 of the sleeve portion 512 and 
convexities 564 on the interior surface 521 of the sleeve 
portion 512, the convexities 564 extending radially inward 
toward the centerline 554 of the external reinforcement 
sleeve 5104. During the molding process, the polymer flows 
over and between the convexities 564 to conform to the 
three-dimensional surface on the interior surface 521 of the 
sleeve portion 512, effectively securing the polymer case 
104 to the external reinforcement sleeve 5104. 

In some embodiments, a reinforced reduced energy car- 
tridge 308r includes an external reinforcement sleeve 510r 
having at least one ribbed retention feature 550r (FIGS. 37 
and 37A). Each ribbed retention feature 550r defines an 
annular protruding ring 566 on the interior surface 521 of the 
sleeve portion 512, the annular protruding ring 566 extend- 
ing radially inward toward the centerline 554 of the external 
reinforcement sleeve 510r During the molding process, the 
polymer flows over the annular protruding ring 566 to form 
a complementary groove 568 that mates with the annular 
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protruding ring 566 to secure the polymer case 104 to the 
external reinforcement sleeve 5107. 

In some embodiments, a reinforced reduced energy car- 
tridge 3085 includes an external reinforcement sleeve 5105 
(FIGS. 38 and 38A) having a radial protrusion retention 
feature 5505 that extends radially inward (i.e., toward the 
centerline 554 of the external reinforcement sleeve 510s) 
from a distal end 584 of the sleeve portion 512. At least a 
portion of the radial protrusion retention feature 550s 
extends into and is imbedded within the polymer case wall 
128 of the reinforced reduced energy cartridge 308s to 
anchor the external reinforcement sleeve 510s to the poly- 
mer case 104. 

In some embodiments, a reinforced reduced energy car- 
tridge 3087 includes an external reinforcement sleeve 5107 
(FIGS. 39 and 39A) having a plurality of through-apertures 
5507 that pass through a thickness of the sleeve portion 512. 
In some embodiments, the through-apertures 5507 are of 
large enough diameter for the polymer to flood through, so 
that there is an exposed portion 588 of polymer on the 
external reinforcement sleeve 510; (depicted). In some 
embodiments, the through-apertures 550: are of small diam- 
eter, more akin to the perforations 360 of reinforcement liner 
310a, to effectively provide a textured surface on the interior 
surface 521 of the sleeve portion 512. 

Functionally, the external reinforcement sleeve 510 sur- 
rounds the base 146 of the polymer case 104 and partially 
captures the proximal end 362 of the base 146, thereby 
enabling the reinforced reduced energy cartridge 308 to 
withstand the forces incurred during discharge of the pro- 
pellant unit 138 and prevent rupturing of the polymer case 
wall 128 of the reinforced reduced energy cartridge 308. 
Because the polymer case wall 128 effectively lines sleeve 
portion 512, there is no path for expanding gasses to leak 
between the external reinforcement sleeve 510 and the 
polymer case wall 128. 

The radiused inner surface 336 of the base 146 may be 
substantially conformal to the hollow rim portion 149 of the 
propellant unit 138 to prevent deformation of the hollow rim 
portion 149 when inserted into the base 146. The inner 
diameter of the polymer case wall 128 may be dimensioned 
for a slight interference fit with the propellant unit 138, 
requiring a light press fit of the propellant unit 138 into the 
polymer case 104, thereby securing the propellant unit 
during shipping and handling. Embodiments utilizing the 
external reinforcement sleeve 510 may also include a tan- 
gentially extending relief groove (not depicted), akin to the 
tangentially extending relief groove 366 of the reinforced 
reduced energy cartridge 3085, for the same function and 
utility. Embodiments utilizing the external reinforcement 
sleeves 510 may also incorporate polymer casings with body 
lumens 374 of reduced diameter (not depicted) relative to 
the base lumen 140, akin to reinforced reduced energy 
cartridge 308e (FIG. 21C) for the same utility and benefit. 

The external reinforcement sleeves 510 may be fabricated 
by techniques known to the artisan, for example by stamp- 
ing, milling, injection molding (including metals), or cast- 
ing. The external reinforcement sleeve 510 may be fabri- 
cated from any material strong enough to withstand the 
forces incurred during discharge of the propellant unit 138, 
such as metals or high strength epoxies. 

The following United States patents are hereby incorpo- 
rated by reference herein in their entirety except for patent 
claims and express definitions contained therein: U.S. Pat. 
Nos. 9,273,941; 9,261,335; 9,003,973; 8,875,633; 8,869, 
702; 8,763,535; 8,726,560; 8,590,199; 8,573,126; 8,561, 
543; 8,453,367; 8,443,730; 8,240,252; 8,146,505; 7,984, 
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7,441,504; 
6,845,716; 


668; 
741; 
916; 


7,621,208; 7,444,775, 
7,059,234; 6,931,978; 
6,564,719; 6,439,123; 6,178,889; 5,677,505; 5,492, 
063; 5,359,937; 5,216,199; 4,955,157; 4,169,329; 4,098, 
016; 4,069,608; 4,058,922; 4,057,003; 3,776,095; апа 
3,771,415. Components illustrated in Ше incorporated by 
reference references may be utilized with embodiments 
herein. Incorporation by reference 15 discussed, for example, 
ш МРЕР section 2163.07(В). 

All of the features disclosed, claimed, and incorporated by 
reference herein, and all of the steps of any method or 
process so disclosed, may be combined in any combination, 
except combinations where at least some of such features 
and/or steps are mutually exclusive. Each feature disclosed 
in this specification may be replaced by alternative features 
serving the same, equivalent or similar purpose, unless 
expressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is an example only of a 
generic series of equivalent or similar features. Inventive 
aspects of this disclosure are not restricted to the details of 
the foregoing embodiments, but rather extend to any novel 
embodiment, or any novel combination of embodiments, of 
the features presented in this disclosure, and to any novel 
embodiment, or any novel combination of embodiments, of 
the steps of any method or process so disclosed. 

Although specific examples have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skill in the art that any arrangement calculated to achieve the 
same purpose could be substituted for the specific examples 
disclosed. This application is intended to cover adaptations 
or variations of the present subject matter. Therefore, it is 
intended that the invention be defined by the attached claims 
and their legal equivalents, as well as the illustrative aspects. 
The above described embodiments are merely descriptive of 
its principles and are not to be considered limiting. Further 
modifications of the invention herein disclosed will occur to 
those skilled in the respective arts and all such modifications 
are deemed to be within the scope of the inventive aspects. 

What is claimed is: 

1. A reduced energy cartridge, comprising: 

a polymer case having a polymer case wall, the polymer 
case including: 

a generally cylindrical body portion defining a first 
outer diameter about a longitudinal axis, the body 
portion including a base portion defining a base 
]umen; 

a neck portion defining a second outer diameter about 
the longitudinal axis that is less than the first outer 
diameter, the neck portion defining a neck lumen; 
and 

a tapered portion extending between the body portion 
and the neck portion; 

a projectile including a first portion disposed within the 
neck lumen and a second portion extending forwardly 
beyond the polymer case; 

a reinforcement liner including a sleeve portion, a shoul- 

der portion, and a flange portion, wherein: 
the sleeve portion defines one of a right-cylindrical 

geometry and a tapered-cylindrical geometry from a 

proximal end of the sleeve portion to a distal end of 

the sleeve portion, the sleeve portion being disposed 
at least partially within the base lumen and defining 

a sleeve lumen that is substantially concentric about 

the longitudinal axis, 
the shoulder portion extends radially outward from the 

proximal end of the sleeve portion and defines a 

radiused inner surface, and 
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the flange portion extends from a proximal end of the 
shoulder portion and extends radially outward and 
beyond the shoulder portion and extends rearwardly 
beyond the base portion of the polymer case, the 
flange portion defining a minimum inner diameter 
that is the same as an inner diameter of the proximal 
end of the shoulder portion; and 

a propellant unit disposed within the sleeve lumen, the 

propellant unit including: 

a housing including a body portion and a hollow rim 
portion that cooperate to define a cavity, the hollow 
rim portion being registered against the radiused 
inner surface of the shoulder portion ofthe reinforce- 
ment liner; 

a propellant charge disposed inside the cavity for 
producing a quantity of propellant gas; and 

a priming material disposed inside the hollow rim 
portion for igniting the propellant charge, 

wherein the propellant unit and reinforcement liner coop- 

erate to define a recess at a proximal end of the reduced 

energy cartridge, 

wherein the reduced energy cartridge is a rim fire car- 

tridge. 

2. The reduced energy cartridge of claim 1, wherein the 
sleeve portion of the reinforcement liner includes a radial 
projection that projects radially outward and is imbedded 
within the polymer case wall of the body portion. 

3. The reduced energy cartridge of claim 2, wherein the 
radial projection is disposed at a distal end of the sleeve 
portion of the reinforcement liner. 

4. The reduced energy cartridge of claim 3, wherein the 
radial projection is continuous. 

5. The reduced energy cartridge of claim 3, wherein the 
radial projection is a flared portion. 

6. The reduced energy cartridge of claim 1, wherein the 
polymer case is an injection molded case that is overmolded 
onto the reinforcement liner and the projectile. 

7. The reduced energy cartridge of claim 1, wherein an 
outer surface of the sleeve portion of the reinforcement liner 
includes texturing for enhanced coupling between the poly- 
mer case and the reinforcement liner. 

8. The reduced energy cartridge of claim 1, wherein: 

the polymer case defines a body lumen between the base 

lumen and the neck lumen, the body lumen having а 

diameter that is less than a diameter of the base lumen; 

and 

the polymer case wall is unitary from the body lumen to 

the first outer diameter. 

9. The reduced energy cartridge of claim 1, wherein the 
propellant unit is a rim fire blank. 

10. The reduced energy cartridge of claim 1, wherein the 
propellant charge is sized to fire the projectile at a velocity 
of less than 1125 feet per second. 

11. The reduced energy cartridge of claim 1, wherein the 
recess defines an axial dimension in a range of 0.02 inches 
to 0.07 inches inclusive. 

12. The reduced energy cartridge of claim 1, wherein a 
proximal end of the projectile is registered against an 
annular ring that extends radially inward relative to the neck 
Iumen. 

13. А reduced energy cartridge, comprising: 

a polymer case having a polymer case wall, the polymer 

case including: 

a generally cylindrical body portion defining a first 
outer diameter about a longitudinal axis, the body 
portion including a base portion defining a base 
lumen; 
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a neck portion defining a second outer diameter about 
the longitudinal axis that is less than the first outer 
diameter, the neck portion defining a neck lumen; 
and 

a tapered portion extending between the body portion 
and the neck portion; 

a projectile including a first portion disposed within the 
neck lumen and a second portion extending forwardly 
beyond the neck portion of the polymer case; 


an external reinforcement sleeve including a sleeve por- 
tion, a shoulder portion, a neck portion, and a flange 
portion, wherein: 


the sleeve portion defines one of a right-cylindrical 
geometry and a tapered-cylindrical geometry from a 
proximal end of the sleeve portion to a distal end of 
the sleeve portion, the sleeve portion surrounding the 
base portion and being substantially concentric about 
the longitudinal axis, 


the shoulder portion extends radially inward from the 
proximal end of the sleeve portion, and 


the neck portion extends proximally from the shoulder 
portion, and 


the flange portion extends from a proximal end of the 
neck portion and extends radially outward and 
extends rearwardly beyond the base portion of the 
polymer case, the flange portion and the neck portion 
defining a minimum inner diameter of the external 
reinforcement sleeve; and 


a propellant unit disposed within the base lumen, the 
propellant unit including: 
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a housing including a body portion and a hollow rim 
portion that cooperate to define a cavity, the hollow 
rim portion being registered against the base portion 
of the polymer case; 

a propellant charge disposed inside the cavity for 
producing a quantity of propellant gas; and 

a priming material disposed inside the hollow rim 
portion for igniting the propellant charge, 

wherein the propellant unit and the external reinforcement 

sleeve cooperate to define a recess at a proximal end of 

the reduced energy cartridge. 

14. The reduced energy cartridge of claim 13, wherein a 
proximal end of the base defines a radiused inner surface that 
surrounds the base lumen, the hollow rim portion of the 
propellant unit being seated within the radiused inner sur- 
face. 

15. The reduced energy cartridge of claim 13, wherein the 
external reinforcement sleeve includes a retention feature 
that extends radially inward and into the polymer case from 
an inner surface of the external reinforcement sleeve. 

16. The reduced energy cartridge of claim 15, wherein the 
retention feature is a punched retention feature. 

17. The reduced energy cartridge of claim 15, wherein the 
retention feature is a plurality of dimples. 

18. The reduced energy cartridge of claim 15, wherein the 
retention feature is at least one annular protruding ring. 

19. The reduced energy cartridge of claim 15, wherein the 
retention feature is a plurality of through-apertures that pass 
through a thickness of the sleeve portion. 

20. The reduced energy cartridge of claim 15, wherein the 
retention feature is a radial protrusion that extends from a 
distal end of the sleeve portion. 
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